We propose a model with an extra isospin doublet U (1) D gauge symmetry, in which we introduce several extra fermions with odd parity under a discrete Z 2 symmetry in order to cancel the gauge anomalies out. A remarkable issue is that we impose nonzero U (1) D charge to the standard model Higgs, and it gives the most stringent constraint to the vacuum expectation value of a scalar field breaking the U (1) D symmetry that are severer than the LEP bound. We then explore relic density of a Majorana dark matter candidate without conflict of constraints from lepton flavor violating processes. A global analysis is carried out to search for parameters which can accommodate with observed data.
I. INTRODUCTION
Radiatively induced mass models are one of the promising candidate to include a dark matter (DM) candidate naturally, which connect the standard model (SM) fermions and DM candidates playing a role of particles propagating inside a loop diagram for generating radiative masses. Along this line of idea, there exist a lot of papers, i.e., at one-loop level.
In constructing radiatively induced mass models, some symmetries are applied to control relevant interactions such as a discrete Z 2 symmetry and global/local U(1) symmetry. It would be interesting to assign exotic local U(1) charge to SU(2) doublet leptons since its spontaneous symmetry breaking should be related to generation of Majorana mass of active neutrinos. We are thus interested in U(1) D gauge symmetry under which the SM fermions with SU(2) doublet are charged.
In this paper, we propose a model with extra isospin doublet U(1) D gauge symmetry, in which we introduce several exotic fermions with odd parity under a discrete Z 2 symmetry, and the neutrino masses are induced at one-loop level. Also we discuss the possibility to explain the muon anomalous magnetic moment, and a DM candidate, where the dominant annihilation channel in case of fermionic DM comes from resonant point of s-channel via the SM Higgs boson. A remarkable issue here is that we impose nonzero U(1) D charge to the SM Higgs doublet that naturally leads us to the type-II two Higgs doublet model [93] This paper is organized as follows. In Sec. II, we show our model, and establish the quark and lepton sector, and derive the analytical forms of neutrino mass matrix, LFVs, muon anomalous magnetic moment and relic density of DM, and neutral gauge sector, and we carry out numerical analyses. We conclude and discuss in Sec. III. 
, where each of the flavor index is defined as α ≡ 1 − 3. In this section, we construct our model and discuss its phenomenology. In this model, we introduce chiral-flipped mirror quarks and leptons which have opposite Z 2 parity to the SM fermions, where the other charges are the same as the SM SU(2) doublet quark and lepton as can be seen in Table I ; we define Q
Here we impose an additional U(1) D gauge symmetry for isospin doublet fields where gauge anomalies associated with Table I , in which α = 1 − 3 represents the number of family. Under these assignments, the U(1) D gauge symmetry is anomaly free for each generation. Therefore
anomalies are zero canceling between the SM fermions and additional fermions.
As for the scalar sector, we introduce two SU(2) L singlets ϕ and χ and two SU (2) On the other hand, we suppose that χ does not have VEVs that are assured by the Z 2 symmetry. Field contents and their assignments are summarized in Table II , where χ has to be complex to generate the nonzero masses of the SM neutrinos at one-loop level.
Under these fields and symmetries, the renormalizable Lagrangians of quark and chargedlepton sector are symbolically found to be
where f Q(ℓ) is diagonal without loss of generality,(α, β, γ) = 1 − 3 are the flavor indices, and
u is the Pauli matrix. After the electroweak symmetry breaking, these three sectors have their masses of m u ≡
Higgs potential is given by
where the scalar fields are parameterized as
where the massless states for the mass eigenstates from linear combinations of w Note that the last term in the scalar potential Eq. (II.2) provide quadratic term
after ϕ developing the VEV, which allows us to avoid massless Goldstone boson from Higgs doublets. As a result, the same amount of bosons are induced from the type-II two Higgs doublet model; a physical singly-charged boson(H ± ), CP-odd boson(A) and two CP-even neutral bosons(h, H), where h is expected to be the SM Higgs. Notice here that both the mixings between ϕ R and (h, H) are supposed to be tiny to avoid the constraints from LHC experiments for Higgs production cross section and branching fraction measurements.
A. Fermion masses
Exotic neutral fermions: The charged exotic fermions are mass eigenstates after the U(1) D spontaneous breaking, that is, Here we discuss the neutral fermion sector in the following. We have a mass matrix of
T , and they are given by
Then the mass eigenstate and its mixing is respectively
where V is the unitary mixing matrix with six by six, and ψ i is the mass eigenstate, and D ψ is mass eigenvalue.
Active neutrinos: The active neutrino mass matrix is induced at the one-loop level in fig. 1 ; the analytic form is given by where
Since one diagonalizes neutrino mass matrix as
we can rewrite Yukawa coupling in terms of neutrino oscillation data and some parameters as [96] :
where
, and O is an arbitral three by nine orthogonal matrix:
. Satisfying the neutrino oscillation data is rather easy task due to O, and all we should take care is the constraints of lepton flavor violations via g ℓ .
B. Muon g − 2 and LFVs
Muon g − 2:
The muon anomalous magnetic moment(∆a µ ) has been observed and its discrepancy from the SM is estimated by [97] ∆a µ = (26.1 ± 8.0) × 10 −10 .
(II.9)
Our ∆a µ is induced at one-loop level via the Yukawa interactions associated with g ℓ where the χ R(I) and E ′ propagate inside the loop diagram. The analytic form is computed as 
where α em ≈ 1/137 is the fine-structure constant, G F ≈ 1.17 × 10 −5 GeV −2 is the Fermi constant, and C 21 ≈ 1, C 31 ≈ 0.1784, C 32 ≈ 0.1736. Experimental upper bounds are given by [98, 99] :
where we define ℓ 1 ≡ e, ℓ 2 ≡ µ, and ℓ 3 ≡ τ . 
(II.15)
Since the ambiguity of the Z boson mass is around 0.0021 [110] : Constraint from LEP experiment : Since our Z ′ universally couples to SM leptons the LEP experiment provides the strongest constraints on the gauge coupling and Z ′ mass.
Assuming m Z ′ 200 GeV, the LEP constraint is applied to the effective Lagrangian
where ℓ = e, µ and τ . We then obtain following constraint from the analysis of data by measurement at LEP [112] :
This bound is weaker than the constraint of the Z SM -Z ′ mixing. Then we finally find the relation as follows:
where we have used v ≈ 246 GeV.
Z' production at the LHC : Our Z ′ boson can be produced at the LHC since it couples to SM quarks, and the most significant signature is obtained from the process pp → Z ′ → ℓ + ℓ − (ℓ = e, µ). Here we estimate the cross section at the LHC 13 TeV with CalcHEP 3.6 [113] implementing relevant interactions and using the CTEQ6 parton distribution functions (PDFs) [114] . Fig. 2 shows
as a function of m Z ′ for g ′ = 0.01 and g ′ = 0.1, which is compared with the latest upper limit given by the ATLAS experiment [115] ;
note that the lines start from lower bound of m Z ′ from Eq. (II.20). We find that the LHC limit further excludes the parameter space for small g ′ (lighter Z ′ ) region, and the constraint from Z SM -Z ′ mixing becomes stronger for larger g ′ region.
Further parameter space will be tested with more integrated luminosity in future LHC experiments.
D. Dark matter
In case of boson DM candidate χ, we have several annihilation channels via g ℓ Yukawa term and potential term. As we have shown some figures in the global analysis in Fig. 2 , however, the typical order of g ℓ are 0.01 to satisfy all the constraints such as LFVs, and it
gives O(10 −12 ∼ 10 −11 ) scale of muon g − 2 [85] . Therefore the Yukawa coupling cannot be dominant to satisfy the correct relic density Ωh 2 ≈ 0.12 [94] . Also we have to satisfy the constraint of the direct detection experiment such as LUX [95] via Higgs portals. The typical order to evade this bound is to take the correspond quartic parameter λ χHu,χH d ,ϕχ O(0.01) [87] in case of the SM Higgs portal. Even with these kinds of constraints, one could find wide allowed region to satisfy the correct relic density without conflict of our allowed space of global analysis in Fig. 2 .
Here we will focus on and and analyze the lightest Majorana DM candidate ψ 1 ≡ X. In case of fermion DM, we also have several annihilation channels via g ℓ , y n , f ℓ Yukawa terms and kinetic term. But g ℓ cannot be dominant due to the same reason of bosonic DM case.
In the kinetic term, one finds that its cross section is proportional to the form .20) . Since the DM mass is at most 1 TeV from the global analysis, the cross section is found to be less than of the order 10 −12 GeV −2 , which is much lower than the typical cross section to satisfy the observed relic density of DM σv ∼ 10
GeV −2 . Considering the chirality suppression, the kinetic mode via Z ′ cannot be dominant
In case of relying on the resonance point at the half mass of the CP-even Higgses. We could find solutions at the half of masses except the SM Higgs resonance [116] . Instead of this trivial solution, we discuss the quark interactions via Yukawa couplings g Q . The thermally averaged cross section is d-wave dominant in terms of v rel expansion approximation, and its form is given by
where we assume to be g Q ≈ g Q * , and (α, β, γ) are implicitly summed over 1-3. The resulting relic density is found to be
respectively, where the present relic density is 0.1199 ± 0.0054 at the 2σ confidential level (CL) [94] , g * (x f ≈ 25) ≈ 100 counts the degrees of freedom for relativistic particles, and
GeV is the Planck mass. 
E. Global analysis
First of all we focus on the analysis of DM, since it does not depend on the other phenomenologies except the mass of DM. Then we randomly select the input parameters as
where we have simplified the mass matrix g Q to be diagonal, and the upper value of √ 4π comes from the perturbative limit, and the lower bound on M shows the allowed mass range of DM is at around 10 GeV M X 1200 GeV, where the Yukawa couplings runs whole the range that we have taken, and we have adopted the relaxed range of relic density; 0.11 ≤ Ωh 2 ≤ 0.13 instead of tight value 0.12.
1 We have checked that relic density does not reach 0.12 for the whole range of DM mass 1 ∼ 1200 GeV that is allowed by the global analysis in Table 4 . 2 One might induce the semi-leptonic rare decays through box types of diagrams in g Q that give several constraints on g Q . However these contributions identically vanishes when the real scalar runs inside the loop. Thus one does not need to worry about these kinds of constraints even in the case of large g Q . Next we have a global analysis taking into account the neutrino oscillation data, constraints from LFVs, muon g − 2. Then we also randomly choose the same input parameter ranges as the ones of DM analysis. Figs. 4 represent the muon g − 2 in terms of M X , where the green region shows the allowed region in the DM analysis. It shows that the maximal muon g − 2 is O(10 −11 ), which is smaller than the expected value by three order of magnitudes.
III. CONCLUSIONS AND DISCUSSIONS
We have proposed a model with extra isospin doublet U(1) D gauge symmetry, in which we introduce several exotic fermions with odd Z 2 parity, and the neutrino masses are induced at one-loop level. Also we have discussed the possibility to explain the muon anomalous magnetic moment, and a Majorana dark matter candidate without conflict of constraints of LFVs. In our global analysis with wide ranges, we have found that the maximal value of muon g − 2 is of the order 10 −11 as can be seen in the upper plots in fig. 4 , which is smaller than the experimentally expected value by three order magnitude. The allowed mass region is found to be 10 GeV≤ M X ≤1200 GeV. One of the remarkable issue is that have also discussed Z ′ production at the LHC and find some parameter region is excluded at the current data where constraints from v ′ becomes stronger for larger g ′ region. Further parameter region will be explored by the future LHC data.
